We have characterized the gene for the mouse glucocorticoid receptor. The gene spans -110 kilobases, and glucocorticoid receptor transcripts are assembled from nine exons. Expression of the gene is controlled by at least three promoters, resulting in glucocorticoid receptor transcripts with different 5' nontranslated exons. One promoter is cellspecific, found to be active only in T lymphocytes. The other two promoters are active to various degrees in all cell lines and tissues so far analyzed and are located in a CpG island. The promoter activities are accompanied by DNase I hypersensitivity sites in chromatin. In contrast to a conservation of exonintron structure, differences in promoter organization suggest a divergence between the evolution of regulatory and coding regions among members of the steroid receptor superfamily.
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Glucocorticoid hormones control a variety of anabolic and catabolic processes in a wide range of cells (1) . In addition to their function in intermediary metabolism (for example, gluconeogenesis), glucocorticoids are involved in developmental processes such as differentiation of the adrenal medulla (2), programmed cell death (apoptosis) of lymphocytes (3) , and perinatal activation of liver-specific functions (4) . These effects are mediated by the intracellular glucocorticoid receptor (GR) that is activated by the binding of the hormone to induce or repress expression of specific target genes (5, 6) . The receptor binds to partially palindromic glucocorticoid response elements of -15 base pairs (bp) situated in the regulatory region of target genes (7) (8) (9) . The GR was one ofthe first transcription factors whose cDNA was cloned from mammals (10) (11) (12) (13) . Subsequent cloning of the cDNAs for other receptor proteins showed that the GR is a member of a superfamily of structurally related ligand-activated regulators of transcription (6, 14) .
As a reflection of the variety of processes controlled by glucocorticoids, the receptor is found in many cell types and tissues, but its level varies considerably among different tissues (15) . In addition, in situ hybridization studies that have shown variations in the level of GR mRNA within different areas of the hippocampus (16) demonstrate a pronounced variation of GR gene expression even within a single tissue. Also, the expression of the GR gene has been found to be either autorepressed (17, 18) on the transcriptional level or autostimulated (19) in a cell-type-dependent manner by the ligand itself. To study this differential expression in various target tissues, we characterized the mouse GR gene. § Three promoters with different cell specificities were identified that may be partly responsible for the independent control of the GR gene in different tissues.
EXPERIMENTAL PROCEDURES
Isolation of the Mouse GR Gene and a Mouse GR cDNA. A genomic libraries prepared from DNA of cch/Cch and Ci4CoS/ c14CoS mice, partially Sau3A-digested and cloned into the BamHI site of ADashIl, were screened with the three 32p-labeled RNA probes described below. Overlaps between positive A phage were established by partial DNA restriction mapping (20, 21) and Southern blot analysis (20) . Phages A4.15, A2.9, A5.13, and A5.15 were isolated from the cI4CoS/ cI4Cos-derived library (22) , whereas AllA and AMG21 were from separate cch/Cch libraries (23) . A mouse GR cDNA clone, designated mGR6, was isolated from a newborn mouse liver AZAP cDNA library screened with probe A (described below).
cDNA and Genomic DNA Probes for Library Screening.
Probe A was a Sal I-HindIII fragment from position +419 to position +935; probe B was a HindIII fragment from position +1300 to position +2378 of a GR cDNA (12) (1 ,g ) as primers and the cDNA was then used for a PCR (26) . PCR primers were P2 (5'-CTGCTGGGGACTTCGTCTCT-3') with PlA (5'-GAGCTACTCTGCGTAAGAAT-3'), PiB (5'-GGGGACCTGGCAGCACGCGAGT-3'), or P1C (5'- ACTGTTGACTTCCTTCT-3'). Fragments were amplified and analyzed as described (20) .
RNase Protection. Poly(A)+ RNA (20 A&g) was hybridized with in vitro-transcribed uniformly labeled antisense RNA probes and analyzed as described (20) .
PFGE. PFGE was performed on DNA from livers of Cch/Cch mice as described (22) . Dvase I Hypersensitive Site Analysis. DNase I hypersensitive site mapping was performed as described (27) .
RESULTS
Structural Organization of the Mouse GR Gene. Two unamplified libraries were screened with three probes derived from mouse GR cDNAs (Fig. 1A) . Four overlapping phages, AllA, A2.9, A5.13, and A5.15, were isolated with probe B, and a single phage, A4.15, was isolated with probe A. Three nearly identical phage were isolated with probe H, of which a single representative, AMG21, was further characterized (Fig. 1B) . DNA fragments that hybridized with the GR cDNA probes were subcloned and oligonucleotides derived from the GR cDNA sequence were used as sequencing primers to identify exon-intron boundaries. The translated part of the cDNA was distributed among eight exons, and all splice junctions conformed to the GT/AG rule (Table 1 and between A4.15 and AllA (Fig. 1) , which implied that large introns separate the T-lymphocyte-specific exon 1A from exon 2 and exon 2 from exon 3. Analysis of mouse liver DNA by using PFGE and infrequently cutting restriction enzymes verified this conclusion (Fig. 2 ) by comparing hybridization of cDNA probe H, corresponding to exon 1A, with genomic DNA probe F, from just upstream of the CpG island overlapping exon 2 (Fig. 1B) . Thus, exon 1A could be located 32 kb upstream ofexon 2 and exon 3 was positioned =60 kb from exon 2. The Three Promoters Are Used Differently In Different Tissues. Comparison of DNA sequences from the 5' end of the mouse GR gene with GR cDNAs isolated from various cells and tissues from mice and rats suggests that the GR gene codes for at least three transcripts with alternate 5' ends that are spliced to the same splice acceptor site 12 bp upstream of the ATG in exon 2. To confirm this, poly(A)+ RNA from various sources was transcribed into cDNA by reverse transcriptase and analyzed by the PCR. One oligonucleotide (primer P2) was chosen to be common to all transcripts and three "upstream" primers (PlA-PiC) were designed to allow amplification of the three 5' ends of GR transcripts (see Fig.  4C ).
PCR products were analyzed on ethidium bromide-stained agarose gels and, after blotting to nylon filters, by hybridization to probes specific for the individual transcripts (see Fig. 4B ). The autoradiographs are shown in Fig. 3 . PCR products characteristic of exon 1A were found only in S49 and WEHI-7 cells (Fig. 3A) but not in liver, fibroblasts, or brain ( Fig. 3 B and C; data not shown). Transcripts containing exons 1B and 1C were found in liver, fibroblasts, and brain ( Fig. 3 B and C ; data not shown) and at lower levels in T lymphocytes. As a cDNA representing a transcript containing exon 1B has yet to be isolated from the mouse, the 104-nt P1B/P2 PCR product was subcloned and sequenced. The DNA sequence was identical to that predicted for a transcript containing exon 1B from the mouse GR gene (Table 1 and data not shown).
To compare the activities of these three promoters and to assign potential transcriptional start sites, RNase protection assays were performed using poly(A)+ RNA prepared from several mouse tissues and T-cell lines (Fig. 4) . All three promoters showed heterogeneity in the start site of transcription. With a probe specific for exon 1A RNase-resistant products were detected only with RNA from T-cell lines (Fig.   4A ), consistent with the result of the PCR in which amplification products corresponding to exon 1A were only found in T cells (Fig. 3) . In thymus RNA prepared from 4-week-old mice, protected fragments of similar size were observed upon long exposures (data not shown). The RNA probe specific for promoter 1B detected a comparatively strong signal with liver RNA, but only weak signals with RNA from other tissues and cells (Fig. 4B) . Common start sites of variable strength originating from promoter 1C were detected in all RNA samples tested (Fig. 4C) .
GR Promoter Activity Correlates with Co n Structure. We examined the chromatin of the 5' region, including the presumptive start sites of the GR gene, for DNase I hypersensitivity (28) . With probe A (Fig. 1B) , four strong hypersensitive sites (HSI to HSIV) are visible (Fig. 5B) after digestion of nuclei from mouse LTK-cells, but not after digestion of genomic DNA. All four reside within the CpG island, indicating a functional significance of this region. The results, summarized in the lower parts of Fig. 5 , show that HSII and HSIII map to exon 1B and exon 1C, respectively, as determined above. Consistent with the ubiquitous expression inferred from PCR and RNase protection experiments, a very similar pattern of DNase I cleavages in chromatin was observed in WEHI-7 cells (data not shown). Similar chromatin analysis was also performed at the T-lymphocytespecific promoter of exon 1A. This promoter is marked by DNase I hypersensitivity in WEHI-7 cells but not in LTKcells (Fig. 5A ) or in naked DNA (data not shown).
DISCUSSION
The mouse GR gene extends >110 kb and contains 11 exons. The first three exons, which are noncoding, are spliced alternatively to a common second exon. Determination ofthe exon-intron organization of the translated region revealed a gene structure very similar to the characterized chicken progesterone (29) , human estrogen (30) , and human androgen (31) receptor genes. In each case the N-terminal domain is encoded by one large exon. The DNA-binding domain is composed of two zinc-finger motifs each of which is encoded separately by the next two exons. The position of the splice site between these two zinc fingers (splice site, 1372/1373) is conserved as opposed to the more distantly related thyroid hormone and retinoic acid receptor genes in which a different splice position is used (30, (32) (33) (34) (35) (36) binding domain is encoded, in each case, by five exons. The similarity in sequence, the common domain structure, and common modes of action are additional proof that the various steroid receptors are related evolutionarily. The human GR gene has been described (37) and has an identical organization to the mouse gene encoding exons 2-9. However, only one promoter has been characterized for the human GR gene (37, 38) , similar in sequence to exon 1C of the mouse GR gene characterized here.
Transcripts arising from the three promoters differ in their expression in various tissues and cell lines. Promoters 1B and 1C were active in all RNA samples tested, albeit at different intensities. Transcripts from promoter 1A were present in the T-lymphocyte cell lines S49 and WEHI-7 and were detectable in thymus but were not detectable in liver and brain poly(A)+ RNA. The high activity of promoter 1A in T-lymphoma cells is in agreement with the abundance of GR cDNAs isolated from glucocorticoid-sensitive and glucocorticoid-resistant S49 T-lymphoma cells (24) . The activity of this promoter correlates with the specialized function of apoptosis inducible by glucocorticoids in thymus and T-cell lines. Whether the activity of this promoter is developmentally regulated or connected with glucocorticoid-induced apoptosis remains to be determined. The specific nature of promoter 1A is strengthened by the finding that a DNase I hypersensitive site, situated over the promoter, was only detected in the T-lymphoma cell lines.
In contrast to the conservation of receptor gene structure, the promoter organization seems not to be conserved among various receptors. Expression of the human estrogen receptor gene is controlled by a single promoter (39) . Two promoters control the expression of the closely related human and chicken progesterone receptor (40, 41) . These promoters, in contrast to the promoters of the GR gene, give rise to transcripts coding for two forms of the progesterone receptor found in all the cell types and tissues analyzed. Unlike the GR most other steroid hormone receptors are expressed in a more cell-type-restricted manner. We believe that promoter sampling has been an important mechanism in the diversification of function of the GR.
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